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ABSTRACT 



Structure: A heat transmitting fluid containing trifluoroiodo- 
me thane, or one containing at least 5% of trif luoroiodo -methane along 
with at least one other heat transmitting fluid selected from 
propane, propylene, cyclopropane, dimethyl ether, methyl methylene 
amine, R-32, R-143a, R-152a and R-161. Or, the foregoing heat 
transmitting fluid having a vaporization temperature ranging from -20 
to 20°C and a condensation temperature of 30-60°C. 

Effects: To provide a heat transmitting fluid which does not damage 
the ozone layer when released into the atmosphere and one which is 
an excellent heat medium of low flammability when used as a heat 
transmitting fluid in freezers, heat pumps and the like. 

Scope of Patent Claims 

Claim 1 A heat transmitting fluid containing trif luoroiodo- 
methane . 

Claim 2 A heat transmitting fluid containing at least 5% of 
trifluoroiodo-methane, and at least one type of heat transmitting 
fluid selected from propane, propylene, cyclopropane, dimethyl 
ether, methyl methylene amine, R-32, R-143a, R-152a and R-161. 

Claim 3 A heat transmitting fluid within the scope of patent 
claims 1 and 2 above having a vaporization temperature ranging from 
-20 to 20 °C and a condensation temperature ranging from 30 to 60 °C. 
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Details of the Invention 

Area of Utility to the Industry 

This invention relates to a heat transmitting fluid of the type 
which is used in freezers, heat pumps and the like. In this 
specification, references to "%" will mean "% by weight." 

Prior Art and Associated Problems 

In the past, known refrigerants used in refrigeration equipment 
and heat transmitting media used in heat pumps and the like included 
chlorofluoro hydrocarbons, f luorohydrocarbons and azeotropic 
compositions of the same or similar substances. These were embraced 
under the general appellation of "Freon." At the current time, the 
primary ones used are R-ll (trichloro- monof luoromethane) , R-22 
(monochlorpdif luoro methane) , R-502 (R-22 + chloropentaf luoro- 
methane. However, it has been pointed out recently that when 

i certain Freons are released into the atmosphere, they may damage the 

ozone layer, resulting in significant adverse effects upon the 
earth's ecosystem, including mankind. This situation has developed 
into one where international agreements have been made to cease the 
production and use of certain types of Freon which are most 

i dangerous to the ozone layer. R-ll and R-12 are Freons which are 

subject to these restrictions. Since R-22 has relatively smaller 
harmful effects upon the ozone layer, it is not regulated at the 
present time, but it would be desirable if a refrigerant could be 
found in the future with even lower harmful effects. With the 

5 proliferation of refrigerating equipment and air conditioning 

equipment, the demand for and the production of Freon has been 
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increasing year-by-year, and any restrictions upon them greatly 
affects our living environment and the whole of modern society. 
Accordingly, the development of a new heat transmitting medium 
(refrigerant) which does not endanger the ozone layer, or which 
poses little danger to it, is a pressing topic. 
Means Used To Resolve Problems 

These inventors have exhaustively researched new heat 
transmitting fluids which could be used in heat pumps and other heat 
exchange equipment, and which, when released into the atmosphere, 
would have little or no effect upon the ozone layer. As a result, 
we have discovered that trif luoroiodo-methane evinces properties 
which meet these requirements. To wit, this invention provides 
trif luoroiodo-methane as a heat transmitting fluid. In addition, 
this invention also provides heat transmitting fluids containing at 

5 least 5% trif luoroiodo-methane and at least one other type of heat 

transmitting fluid selected from propane, propylene, cyclopropane, 
dimethyl ether, methyl methyleneamine (CH 3 -N=CH 2 ) , R-32 (CH 2 F 2 ) , R- 
143a (CF3CH3) , R-152a (CHF 2 CH 3 ) and R-161 (CH 3 CH 2 F) . The preferred 
content of trif luoroiodo-methane in the heat transmitting fluid of 

j this invention is 5 to 60%, with the range of 5 to 30% being 

especially preferred. In using such a mixed fluid, a mixture with 
low boiling point refrigerants further improves the cooling 
capacity; a mixture with refrigerants having a high potential heat 
of vaporization improves the coefficient of performance and their 

5 solubility in oil. The heat transmitting fluids of this invention 

have good vaporization temperatures, ranging from -30 to 25 °C, 
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preferably ranging from -20 to 20 *C. They also have good 

condensation temperatures which range from 30 to 80 °C, preferably 

from 30 to 60°C. The principal properties of the trif luoroiodo- 

methane used in this invention are as follow: 

Molecular formula CF 3 I 

Molecular weight 195.911 

Boiling Point -22.5° C 

Critical Temperature 126.6° C (measured value) 

Since the trifluoroiodo-methane used as the heat transmitting 
fluid in this invention contains absolutely no chlorine atoms or 
bromine atoms damaging the ozone layer, there is no danger that they 
will cause problems related to damaging the ozone layer. 
Furthermore, the trifluoroiodo-methane offers exceptional properties 
as a heat medium for use in heat pumps, and it further offers a good 
balance among other properties such as coefficient of performance, 
cooling capacity, condensation pressure, output temperature, etc. 
Since the boiling point of this compound is close to that of other 
refrigerants that are widely used such as R-12 (boiling point 
-29.97°C), R-22 (boiling point -40.8°C), and R-502 (boiling point - 
45. 6° C), it can be used under the same conditions as these other 
refrigerants, namely, vaporization temperatures of -20 to 20 °C and 
condensation temperatures of 30 to 60" C. In mixing trifluoroiodo- 
methane with other compounds, it is preferable to prepare the 
mixture with one having about the same boiling point. Examples 
include propane, propylene, cyclopropane, dimethyl ether, methyl 
methyleneamine, R-32, R-143a, R-152a and R-161. Among the above, 
R-32, R-143a, R-l52a and R-161 are preferred due to their low 
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flammability. Mixtures of the trif luoroiodo-methane of this 
invention and at least one of propane, propylene, cyclopropane, 
dimethyl ether, methyl methyleneamine, R-32, R-143a, R-152a and R- 
161 have been confirmed to meet, without problems, the general 
requirements of the heat medium in refrigeration equipment, heat 
pumps and the like. 

Effects of the Invention 

The heat transmitting fluid of this invention allows the 
dramatic effects described below to be realized. 

(1) The trif luoroiodo-methane of this invention contains no 
chlorine or bromine in its molecular structure, and accordingly, if 
released into the atmosphere, it will not damage the ozone layer and 
is a safe substance for ecosystems. 

(2) It achieves a balance among the coefficient of performance 
(COP) , cooling capacity, condensation pressure and outlet 
temperature and therefore it is an excellent heat transmitting 
medium in refrigeration equipment, heat pumps and the like. 

(3) This invention provides a heat transmitting medium having 
a boiling point which is close to the boiling points of commonly 
used refrigerants such as R-12, R-22 and R-502, so it can be used 
in current equipment without changing the usage conditions. 

(4) The heat transmitting fluid of this invention raises no 
problems regarding the general requirements for such heat media (for 
example: heat stability, compatibility with lubricating oils, 
inflammability, and non-corrosive properties) . 



(5) Since the trif luoroiodo-methane of this invention evinces 
flame extinguishing properties, it is possible to use this fluid in 
mixtures with combustible gases having similar boiling points such 
as propane, propylene, cyclopropane, dimethyl ether, methyl 
methyleneamine, R-32, R-143a, R-152a and R-161 and to render these 
gases non-flammable in the refrigerant mixture. Since the boiling 
points of the two fluids are similar, there are no detrimental 
effects to the inherent excellent cycling properties of the 
flammable gas. 

Examples 

Examples and comparative examples related to this invention 
will be given below to further clarify the characteristics of this 
invention. 
Example 1 

Trifluoroiodo-methane was employed as the heat medium in a 1 
horsepower heat pump, which employed vaporization temperatures in 
the evaporator of -15 °C, -5°C, 5°C and 15 °C, a condensation 
temperature in the condenser of 50 °C, and overheating and 
overcooling of 5°C and 3°C, respectively. For comparison, the prior 
art refrigerants of R-12 and R-22 were also used under the same 
conditions described above to operate the heat pump. The 
coefficient of performance (COP) and the cooling capacity were 
computed using the equations below: 

Cooling capacity = (Enthalpy of working fluid at evaporator outlet) - (Enthalpy 

of working fluid at evaporator inlet) 

COP = (Cooling capacity)/ (Compressor input) 



r 



Figures 1 and 2 show the computed results for COP and cooling 
capacity for the example and the comparative examples, respectively. 
The ratios for COP in Figure 1 and the cooling capacity in Figure 
2 were based upon measured values using R-22 as the heat medium with 
a vaporization temperature of 5°C and a condensation temperature of 
50 °C; these were divided by the measured values for the various heat 
media. As is clear from Figures 1 and 2, while the working fluid 
of the example exhibited a slightly lower value for cooling capacity 
than did R-12, it exhibited good COP values, about the same as those 
for R-12 and R-22 
Examples 2 and 3 

The heat media used were mixtures of trif luoroiodo-methane and 
flammable gas (Example 2: 80% R-32 and 20% trif luoroiodo-methane; 
Example 3: 90% propylene and 10% tri f luoroiodo-methane ) , but the 

5 other conditions were as in Example 1 in the operation of the heat 

pump. Figures 3 and 4 show the coefficient of performance (COP) and 
cooling capacity ratios, respectively. The coefficient of 
performance ratio shown in Figure 2 and the cooling capacity ratio 
shown in Figure 4 were obtained by dividing the values measured for 

> R-22 of Example 1 by the measured values of the respective media. 

The results indicate that the heat medium of this invention exhibit 
about the same properties as R-22 but with excellent cycling 
characteristics . 
Example 4 

s In order to investigate the effects of mixing trif luoroiodo- 

methane with combustible gas (propylene and R-32) , flammability 
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experiments were conducted on the combustible gases alone and in 
mixtures with trif luoroiodo-methane. The experimental conditions 
were atmospheric pressure and room temperature, wherein 200 ml 
cylinders were filled with the combustible gas or a gas mixture, 
followed by the introduction of a measured volume of air. The 
presence or absence of combustion after a spark discharge was 
determined by pressure change. The results of the experiment appear 
in Table 1. 



The criteria for flammability determinations were as follows: 
♦Non-flammable: About the same flammability as R-12 and R-22 
♦Slightly flammable: About the same flammability as ammonia 
♦Flammable: About the same flammability as propane or methane 

While not listed in the Table above, tests of gases such as R- 
143a, R-152a, and R-161 indicated that their flammability was about 
the same as the slight flammability as R-32, while propane, 
cyclopropane, dimethyl ether, methyl methyleneamine are flammable 
to about the same extent as propylene. When 5% or more of 
trif luoroiodo-methane were mixed with these gases, all were rendered 
inflammable. Those results indicate that the flame retardancy of 
gas mixtures using the medium of this invention raise no practical 
danger in use. 



Table! 



Heat Medium 



Flammability 



Mixture of 80% R-32 and 20% trifluoroiodo-methane Non-flammable 

Mixture of 90% propylene and 10% trifluoroiodo-methane Non-flammable 

R-32 Slightly flammable 

Propylene Flammable 
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A Brief Explanation of the Figures 

Figure 1 A graph showing the COP of Example 1. 

Figure 2 A graph showing the cooling capacity of Example l. 

Figure 3 A graph showing the COP of Examples 2 and 3. 

Figure 4 A graph showing the cooling capacity of Examples 2 
and 3. 
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Evaporation Temp. 0 C Evaporation Temp. 0 C 




Evaporation Temp. ° C Evaporation Temp. ° C 
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1 

NOTES re HEI 4-323,294 

The translated text was discussed with the translator about the particulars 

below. 

1. They distinguish between 'Vaporization temperature" and "boiling 
point"; "vaporization temperature" is absent from my references. It is self-evident that any 
liquid will vaporize between its freezing and melting points (even at 100 % partial pressure, 
since its loss (in a closed system) will be made up by equal condensation, 

2. p 6, lines 18-19: "overheating and overcooling" is such in original, 
NOT "superheating and supercooling". 



January 4, 1980 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLACK BORDERS 



